
Impact
Using two complementary 
methods, VS-IMSRG and IM-GCM, 
we perform ab initio calculations 
of the nuclear (decay) matrix 
elements (NMEs) in 76Ge, which 
are necessary to reliably extract 
the neutrino mass scale from 
experimental data, and to identify 
the primary drivers of theoretical 
uncertainties in current state-of-
the-art approaches.

Objective
The observation of neutrinoless 
double beta decay (NLDBD) 
would yield profound insights 
into the nature of neutrinos, their 
mass, and it might help explain 
the dominance of matter over 
antimatter in our universe.

Ab Initio Uncertainty Quantification of Neutrinoless 
Double-Beta Decay in 76Ge
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(a) NMEs from phenomenological models and results from VS-IMSRG and 
IM-GCM using different chiral interactions. Error bars of phenomenological 
NMEs reflect the discrepancy between calculations from different groups. 

(b) Posterior distribution function of the NME using a novel VS-IMSRG 
emulator with 8188 non-implausible chiral interactions from which 
confidence intervals are extracted.truncation in light nuclei [25]. This difference is somewhat

larger than what was found in 48Ca [26,27]. This can be
understood from the fact that the low-lying states in 48Ca
and 48Ti are relatively simple and the quadrupole collec-
tivity of 48Ti is adequately captured in both methods. In
contrast, the low-lying states of 76Ge and 76Se exhibit
strong shape coexistence and collectivity, including sig-
nificant triaxiality [72–74]. While these collective degrees
of freedom are difficult to capture within the VS-IMSRG
and other ab initio methods starting from spherical
references [75,76], they are efficiently incorporated within
the IM-GCM, as can be seen from the predicted excitation
spectra and electric multipole transitions [72,73]. We
expect that future systematic improvements to the many-
body truncations will improve the agreement between the
two methods.
The errors ϵOP from the transition operators can be

separated into three sources: the use of the closure
approximation for the intermediate odd-odd nucleus, the
determination of the LEC of the SR transition operator, and

the truncation of contributions beyond LO in the operator
expansion. The potential error stemming from the closure
approximation has been assessed with phenomenological
nuclear models [77,78] to be around 10% of the LR NME.
This finding aligns with the expectation that contributions
depending on the excitation energies of intermediate states
belong to the N2LO [79]. Recent nuclear shell-model
calculations [80] of the N2LO corrections to the closure
approximation also found that they reduce the matrix
elements by ∼10%. Eventually, these contributions will
need to be tackled explicitly in our methods as well as we
improve the precision of our NMEs. Figure 1(a) presents
different contribution to the 0νββ-decay operators at LO
and N2LO, noting that there is no contribution at NLO.
Figure 1(b) displays the convergence of the NMEs at LO
and N2LO with respect to eMax, the number of harmonic
oscillator major shells in the basis, in the IM-GCM
calculation [37]. The value of the LEC for the SR transition
operator is determined by fitting the transition amplitude
of nn → ppe−e− process following Ref. [81]. The SR

FIG. 2. Comparison of 0νββ-decay NMEs in 76Ge from nuclear models and ab initio calculations. (a) The NMEs from
phenomenological models, including the interacting-boson model (IBM-2) [9,62], energy-density-functional (EDF) methods [8,11],
quasiparticle random-phase approximation (QRPA) [12,63,64], interacting shell model (ISM) [7,10], ISM with generalized contact
formalism (ISM-GCF) [65], realistic shell model (RSM) [13], and EFT [66], are compared to the results of the VS-IMSRG and
IM-GCM using different chiral interactions. The error bars of phenomenological nuclear models reflect the discrepancy of calculations
from different groups and the bands shows results with the SR contributions included [65,67]. (b) The posterior distribution function of
the 0νββ NME using the MM-DGP emulator of the VS-IMSRGwith 8188 nonimplausible samples of chiral interactions from which the
confidence intervals are extracted.

PHYSICAL REVIEW LETTERS 132, 182502 (2024)

182502-4

Comparison of NLDBD NMEs in 76Ge from nuclear models 
and ab initio calculations.
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